. Intraday and interday coefficients of variation were below 9.9% in all cases. This method was applied to the analysis of environmental water samples, obtaining recoveries between 95.7 and 110 %.
Introduction

Imazalil ((RS
. On the other hand, the maximum concentration level established by the Regulations of the Hydraulic Public Domain for pesticide dumping is 50 μg L -1 [2] . Therefore, due to its toxic nature for human health and environment, analytical methods to detect and quantify Imazalil in environmental samples are required.
The most employed methods for Imazalil determination are based on separation techniques such as HPLC coupled to mass detection [3] [4] [5] or UV detection [6] [7] [8] .
The great majority of these methods have been successfully applied to the separation and quantification of a large number of pesticides in citric fruits and vegetables. However, almost all of them gave poor recoveries specifically for Imazalil. Gas chromatography coupled to mass detection [9] and micellar electrokinetic chromatography with diode array detection [10] were applied and Imazalil recoveries were also poor (51-81% and 48-58% respectively). These poor recoveries were due to the complex extraction procedures applied to these kinds of samples (citric fruits or vegetables). Although all of these analytical methods have very good sensitivity and selectivity, their main drawbacks are the time-consumption and the need of complex instrumentation.
On the other hand, the development of analytical procedures to evaluate residues of Imazalil fungicide in water samples is interesting in order to regulate its dumping. In this sense, only three references [4, 11, 12] have been found in which Imazalil was studied in water samples. The first reference [4] is a very sensitive method for screening a wide range of organic pollutants in water samples, but no quantification results were described. The second one [11] describes the bioautograph technique for multiresidue determination of fungicide residues in plants and water, but Imazalil has only been studied in crop samples. Finally, in [12] a method based on DI-SPME and GC-MS for the determination of pesticides in surface and groundwater samples was described.
In this last reference, analytical results for Imazalil were good, but the method required complex instrumentation.
We propose a simple, rapid and sensitive method consisting of the direct flow [13, 14] , metal ions [15] [16] [17] and pharmaceuticals [18, 19] among others. In some cases, solid phase extraction of the analytes has been carried out in order to remove interferences and preconcentrate the sample [13] .
Moreover, the photodegradation of the analyte can improve the chemiluminescence signal due to the formation of new fragments that increase chemiluminescence emission. In fact, flow injection photoinduced chemiluminescence has been recently used in the determination of sulphonamides [20] , thiazides [21] , pharmaceuticals [22, 23] and pesticides [24, 25] providing highly sensitive methods.
In this work, the chemiluminescence signal was generated by the reaction between photodegraded Imazalil and ferricianyde in a basic medium. All physical and chemical parameters of the FI-CL system were optimized in order to obtain high sensitivity and selectivity. The method was satisfactorily applied to the analysis of Imazalil in environmental water samples after solid phase extraction. To the authors' knowledge no chemiluminescence method has been reported for the determination of fungicide Imazalil.
Experimental
Reagents and solutions
All solutions were prepared in Milli-Q water (Millipore, Bedford, MA, USA) and all reagents were of analytical grade. 
Apparatus
The flow injection chemiluminescence manifold (Figure 1 The output was fed to a computer equipped with a counter-timer, also supplied by Electron Tubes.
Flow injection procedure
All physical and chemical parameters of the FI-CL system were optimized in order to obtain the best sensitivity and selectivity for Imazalil determination. In Chemiluminescence detector.
Standard preparation
Imazalil standard solutions were prepared in absence or in presence of ethanol.
Standard solutions without ethanol were prepared containing 0.01 M carbonate buffer pH 9.5 and variable amount of Imazalil stock standard solution. Standard solutions with ethanol were prepared containing 20% Ethanol, 0.01 M carbonate buffer pH 9.5 and variable amount of Imazalil stock standard solution.
Solid phase extraction (SPE)
Solid phase extraction was applied in order to avoid interferences from matrix components and to introduce a pre-concentration step.
SPE cartridges (Bond Elut C18 0.5 mg) were conditioned by drawing with 5.0 mL of methanol followed by 2.5 mL of 0.05 M carbonate buffer (pH 9.5). Then variable volumes of standard solution (10-500 mL) or 250 mL of water sample were transferred to the cartridge. In order to wash the cartridge, 1.5 mL of 0.1M hydrochloric acid and 1.5 mL of Milli-Q water were flushed. After that, the cartridge was dried under vacuum for 5 minutes and elution was performed by means of the addition of 2 mL of ethanol. The eluate was buffered by adding 0. 
Sample preparation
Water samples from different sources were analysed. They were named as follows: tap water (S1, S2, S3 and S4), mineral water (S5, S6), river water (S7) and well water (S8).
Samples were collected in plastic bottles, filtered under vacuum with polyamide membrane filters of 0.45 µm and stored at 4ºC in a refrigerator. Before applying SPE procedure, samples S1, S5, S7 and S8 were spiked with 0.06 mg L ).
Results and discussion
Preliminary study of the FI system: Selection of the oxidation system and the photodegradation medium
In order to obtain a direct chemiluminescence signal for Imazalil, different common oxidation systems were tested using the assembly described in Figure   1 and a standard of 10 mg L -1 of Imazalil. The oxidation systems studied were: Fe(CN) − in 1 M NaOH. Each oxidation system was tested at different oxidant concentration levels (ranging from 1·10 -5 M to 0.01 M) using three photodegradation media: water, 0.1M NaOH and 0.1 M H 2 SO 4 . In this study, the water bath (Figure 1) was not used and the sample carrier stream was split into two channels in order to introduce Imazalil solution and photodegradation medium separately.
In this preliminary study, it was observed that no chemiluminescence signal appeared by using 
S O
− as oxidation systems. In contrast, the best chemiluminescence signals were obtained with oxidation systems such as ferricyanide or hydrogen peroxide with similar sensitivity. In order to ensure stability in the FI system, hydrogen peroxide was discarded due to the formation of bubbles, and finally 0.5 mM ferrycianide prepared in 1 M NaOH was selected for the study of direct chemiluminescence of Imazalil.
With the selected oxidation system, the best chemiluminescence signal was obtained with 0.1M NaOH as photodegradation medium.
Optimization of chemical and physical parameters of the FI system
In the optimization process, a 10 mg L -1 standard of Imazalil without ethanol was used (if not otherwise stated) and the standard channel (Figure 1 ) was divided into two sub-canals to introduce the photodegradation medium separately.
Photodegradation medium
Different common buffer solutions were used in the basic medium in order to select the best photodegradation conditions for Imazalil.
The buffer solutions studied were: 0.1 M NaOH pH 11, 0. formic acid. These compounds were inserted into the FI system by using 2 different set-ups: in the first one, the sensitizer was inserted before the photodegradation of Imazalil. In the second one, it was inserted afterwards.
When inserting the sensitizer before the photodegradation step, an increase in reaction sensitivity was found when using Triton X-100, Eosin Y, riboflavin or fluorescein, but all of them gave very large signals for the blank and unreproducible peaks for Imazalil. Consequently, the use of these sensitizers was rejected. On the other hand, when the sensitizer was inserted after the Imazalil photodegradation, none of the sensitizers significantly improved the chemiluminescence signal.
Temperature of the FI-CL system
The temperature of the FI-CL system was controlled between 22-81ºC. In these tests, the sample loop containing the photodegraded Imazalil (10 mg L -1
) and the carrier stream reactor merged on a water bath at different temperatures.
The oxidant stream was not heated due to the lack of stability of the oxidant reagent at high temperatures.
The CL signal increased to 60ºC and remained stable over this temperature. So this was the selected temperature in the water bath.
Flow rate
In order to improve the sensitivity of the FI-CL system, the flow rate of the Imazalil photodegradation and the flow rate of the oxidation reaction were evaluated separately.
In the photodegradation step, sample and buffer flowed separately in a 1:1 proportion and merged to cross the lamp at total flow rates between 2 and 5 mL min -1
. It was found that the chemiluminescence emission was greater at lower photodegradation velocities (Figure 2) . This was because the longer the Imazalil remained in the photoreactor, the greater photofragments were formed.
Hence, 2 mL min -1 was selected as the optimum flow rate for the photodegradation reaction. Lower velocities were not tested in order not to extend the measurement process. ).
The flow rate of the oxidation reaction was evaluated by varying simultaneously the flow rates of the carrier and the oxidant, which flowed in a proportion of 3:1.
The flow rate was tested between 1.25 and 3.5 mL min -1 for the oxidant, and between 3.75 and 10.5 mL min -1 for the carrier. In this study, the chemiluminescence signal always enhanced on increasing the flow rate ( Figure   2 ) since the chemiluminescence reaction was very fast. However, when working at the highest tested velocity, an excess of pressure appeared in the flow system. Thus optimal flow rates of 2.5 mL min -1 for the oxidant and 7.5 mL min -1 for the carrier were selected.
Sample loop
The sample loop was varied between 350-1500 μL. The chemiluminescence signal increased up to 950 μL of sample volume and then remained constant.
Therefore, this was the selected sample loop. 
Re-optimization
To complete the optimization, some parameters that significantly improved the chemiluminescence signal were reoptimized.
The optimum FIA set-up is the one shown in Figure 1 . In it, the sample and the buffer flow along the same channel. The sample:buffer ratio was established at 98:2 being 0.01M the final buffer concentration. With these changes, the flow rate of the photodegradation step was decreased to 1 mL min -1 , enhancing the CL signal in a factor of 2.5.
Finally, the concentration of sodium hydroxide in the oxidation system (0.5 mM ferricyanide) was optimized with the optimal FIA set-up. The concentration of sodium hydroxide was ranged from 0.1M to 2M. The chemiluminescence signal increased as the sodium hydroxide concentration increased up to 1.25M, and then remained stable. So, 1.25M sodium hydroxide was selected.
Method validation
Analytical performance
The chemiluminescence signal (S) can generally be described as a function of the analyte concentration (C) [11] . In our case, a linear representation was obtained for the plot of the logarithm of the chemiluminescence signal (log S) as a function of the logarithm of Imazalil concentration (log C). In Condition 2, 40% of the signal was lost in relation to the standards prepared in Condition 1. On the other hand, slopes of conditions 3 to 7 were compared to the slope of condition 2 by t-test. The results showed that all the calibration curves obtained with SPE (Conditions 3 to 7) were statistically similar to that obtained without SPE in ethanol (Condition 2): calculated t-values were 1.50, 0.85, 0.46, 0.074 and 0.59 for Conditions 3 to 7 respectively, and tabulated tvalue was 2.14 at a 95% confidence level. This supposes a pre-concentration factor of 50 without losses in the Imazalil response. Besides, the calibration curve prepared using standards without SPE can be used to determine the Imazalil contents in real samples that do require the application of SPE. As can be seen in Table 1 The precision of the method was evaluated by repeatability (intraday-precision) and reproducibility (interday-precision) studies at different concentration levels of Imazalil. The percentages of variation coefficients are shown in Table 2 . In all cases, the coefficient of variation was below 9.9%.
The sample throughput after solid phase extraction procedure was 12 samples hour -1
. ) signal in the absence of interfering ions. Table 3 shows the percentage of relative error (%E r ) and the maximum concentrations allowed for each one of the tested interfering ions. It was considered that there was no interference when the percentage of relative error of the signal was inferior to 10% because the previous precision studies always gave coefficients of variation below 9.9% ( Table 2 ). As Table 3 shows, none of the tested ions interfere at concentrations usually found in water samples.
Moreover, the interference of some conazole or benzimidazole fungicides (such as imidazolidinethione, myclobutanyl, thiabendazole and triflumizole) was studied. Therefore, a false positive could be given at higher triflumizole concentrations.
In these conditions, the proposed method wouldn't be ruled out as it could still be applied as a screening procedure. 
Application
The explained method was validated by spiking real water samples. 250 mL of samples fortified with variable concentrations of Imazalil were pre-concentrated and cleaned by means of the SPE procedure. Later, they were introduced into the FI-CL system. The percentages of recovery of added Imazalil for each fortified sample are shown in Table 4 . As can be seen, S1, S5, S7 and S8 were fortified in triplicate at one level of concentration, and S2, S3, S4 and S6 were fortified at four levels of concentration. The recoveries were between 95.7 and 110% in all samples, thus the accuracy of the method was demonstrated. Imazalil, tap water sample 1(S1) and S1 fortified with 0.06 mg L -1 Imazalil (S1F), are shown in Figure 3 . 
Conclusions
The chemiluminescence method proposed allows the determination of Imazalil in water samples in a new, fast, economic and simple way. This is the first time that a chemiluminescence method for the determination of this fungicide has been proposed. The method has proved to be precise, selective and sensitive, 
